The effectiveness and practicality of low sodium diets are tested in groups of in-and outpatients. The data indicate that roughly one-fourth with severe essential hypertension can respond favorably to prolonged restriction of sodium intake to less than 0.5 Gm. daily. The rice diet is found to be in effect a simple low sodium diet. Under the conditions of outpatient practice, low sodium dietotherapy is usually impractical and must be controlled by frequent analyses of urinary sodium.
R ENEWED use of diets of low sodium content in essential hypertension has led to controversy both as to their effectiveness and as to the origin of the practice.
Uncertainty of attribution is maintained by strained interpretations from the past 85 years or more. Thus, Karrell gives no indication that he was concerned either with arterial pressure or with electrolyte intake. Probably the first specific use of chloride restriction-with an attendant deprivation of sodium-in essential hypertension, was that of Ambard and Beaujard.' But the number and selection of cases and method of study leave much to be desired. Consequently, the reports of Allen2 and Allen and Sherrill3 in 1922 on the usefulness in essential hypertension of diets poor in sodium chloride is a point of departure for this avenue of treatment. The hiatus between their study and the current use of low-sodium diets, interrupted briefly by Addison,4 has been commented on by Allen.5 It is largely attributable to the fact that, until recently, any practical low sodium diet of average protein content con-From the Research Diviision of the Cleveland Clinic Foundation and the Frank E. Bunts Educational Institute, Cleveland, Ohjg.
Presented at the Twenty-third Annual Scientific Session of the American Heart Association. 1 tained about 0.8 Gm. of sodium, a level of restriction which does not often have a definite effect on arterial pressure . 6 The revival of sodium restriction is based on three types of study. One is the hypertension and nephrosclerosis Selye elicited in rats by treatment with excess sodium chloride and injection of desoxycorticosterone. A major clinical contribution has been the Kempner rice diet.7 His insistence on the specificity of rice, the diversity of his clinical material and his lack of controlled observations are reminiscent of European studies 50 years ago and have been so criticized by Ayman.8 Nevertheless, the rice diet seems, by weight of numbers at least, to show some effectiveness in hypertensive disease. For a more critical study, in which the only change in the diet was deprivation of sodium, we are indebted to Grollman and Harrison.9 Their observations were confirmed and extended by Bryant and Blecha'l in a much larger series, but under much less adequate conditions of observation. Relevant also are the observations of Perera and Blood" who showed that, as a group, patients with essential hypertension tend to retain sodium unduly and tend also to show increased arterial pressure when sodium is given in excess.
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Types of patients treated were Ess. Hyper., essential hypertension (M, malignant phase); and As. Hyper., arteriosclerotic hypertension. Control diets are indicated by calories, e.g., 1800 C; by CLS, cardiac low salt diet containing about 1 Gm. Na; or by Ward, ward diet.
(Continued on next page) LEGEND TABLE 1 (Continued) Indications in test period diets are: Numerals in parentheses refer to successive intervals on high or low sodium intakes. R = rice diet; P = protein as Lonalac. L refers to the Lonalac diet containing an estimated 0.2 Gm. Na. Sodium supplements (Gm. of enteric-coated sodium chloride) are indicated by such entries as 4.7 Na. The dagger (period 16, patient 13) refers to the intramuscular administration of cortate in propylene glycol, 10 mg. daily. Superscript letters (patient 14) indicate as follows: acholine chloride, 11.5 Gm. daily; bmethionine, 6.0 Gm. daily; cProteinum, 68 Gm. daily; dProtolyzate, 90 Gm. daily. The sodium content of Protolyzate is equivalent to 1.6 Gm. daily in the amount given. In period 9 this patient was given 0.2 Gm. Lonalac diet with the supplement increased to 90 Gm. protein per day; in period 10, the supplement was decreased to 40 Gm. protein per day.
For patient 8, the asterisk notes the fact that the inpatient observations, extending over 74 weeks, were discontinuous and made in several readmissions, although dietary control (estimated from urinary sodium) was maintained throughout the course.
For patient 12, low sodium periods 1 and 2 are separated by some months, during which the patient was at home; period 4 is separated from period 5 because it is the first week of sodium restriction and demonstrates the lag in response; period 6 is separated from period 7 because it is the first week of sodium administration and shoWs a similar lag.
Patients 5, 12 and 13 had been treated with pyrogenic bacterial extracts prior to the low sodium observations. This accounts for the brevity of the control period in patient 12, there being numerous observations under pyrogen, and the absence of a definite control in patient 13: the place of a control period in patient 13 is taken by five periods of high sodium treatment. In patient 13 also, period 10 is separated from period 11 because of a fracture of the femur which occurred at the end of the fifth week of period 10. Patient 14 went into uremia at the completion of period 10. low sodium diets, including the rice diet, need not be cited in more detail, since they have been carefully reviewed.12 13 However, few of these studies carry full conviction. There is doubt, on the part of either the author or the reader, as to the reality of the change or the lack of change (Chasis, Goldring and associates14) or uncertainty in the adequacy of the dietary control or both, and added to these are the psychologic imponderables which flow from a more or less drastic revision of the patient's mode of life.
Many of the problems thus left open have been posed editorially.'5 The purpose of this report is to resolve some of these and particularly the following issues: (1) does sodium restriction, as such, effectively decrease arterial pressure in essential hypertension and, if so, in roughly what proportion of patients? Granting the usefulness of sodium restriction. (2) does the rice diet-which, in our hands, in a small series had proved quite unavailing-depend for what effect it has on sodium restriction or has it some other basis? (3) What is the minimum effective sodium restriction and how long must it be maintained before it can be determined whether or not a patient is to respond to such treatment? (4) What is the practicality of low sodium dietotherapy under the conditions of outpatient office practice, in contrast with those prevailing in wards equipped for special studies?
With particular regard to this last problem, we shall present our data in two groups, respectively, the inpatient and outpatient series. *
The course of this study is summarized in table 1. Four of the 14 patients listed there had essential hypertension in the malignant phase; patient 5 had been treated with pyrogen before the course of dietotherapy, but with incomplete remission of her evidences of rapidly advancing and soon fatal disease; patients 12 and 13 had obtained remissions of the malignant syndrome by pyrogen treatment before beginning dietary treatment.
During the control periods, which ranged from 2 to 14 weeks, the diets given were ward diets (containing about 3 Gm. of sodium daily) or similar diets with caloric and consequently partial sodium restriction. The control periods in patient 13 follow rather than precede the first period of sodium restriction. Diets used in treatment or in assessing the value of treatment were (a) the 0.2 Gm. sodium diet in which the * For careful attention to the outpatient series we are grateful for the assistance of Miss E. M. Davy, R. N., who assumed the major duties of this study, and to Miss Marjorie Curry, B.Sc., who instructed the patients in their diets. (1) 198/120 22010 12 2 Subsequent Improvement 0 (L) 14 Contr.
(1) Patients' numbers listed in first column correspond to those of table 1. Patient 15 is added to illustrate the interaction of sodium restriction and pyrogen treatment. The mean urinary sodium excretion is expressed in Gm. per 24 hours for control period and each period of observation (second and third columns). The fourth column indicates means of arterial pressures for each period, the fifth the estimation of vascular changes in the optic fundi, the sixth the estimate of cardiac size by the method of Ungerleider and Gubner and the seventh the estimate of electrocardiographic abnormality (on a scale of 1 to 4 plus). In the last column are indications of the nature of dietotherapy and responses thereto (0 = none, + = favorable) and body weight in pounds for cases 13, 14 protein is made up in part in Lonalac* (b) the same with added tablets of sodium chloridet; (c) the rice diet as originally prescribed or (d) with protein added in the form of Lonalac; (e) a diet calculated to contain 2 Gm. sodium and (f) the rice diet with special supplements as provided to patient 14. * We are indebted to the Mead Johnson Co., Evansville, 1nd., for generous supplies of Lonalac.
t We acknowledge the donation by Dr. K. G. Kohlstaedt, Lilly Laboratory for Clinical Research, Indianapolis, Ind., of enteric-coated tablets of sodium and ammonium chloride and of placebo.
Blood pressures were measured at rest regularly each morning and evening. The averages presented in table 2 are the means of these daily observations, from which, however, the first three to five days of hospitalization are excluded. Urine sodium content was determined daily or twice a week by the method of Hoffman and Osgood16; the values shown in table 2 are means of these observations. The methods of estimating fundoscopic change and of grading the electrocardiogram have been presented elsewhere,17 where also are described the procedures used in the Addis test of urinary con- centration, the count of the urinary sediment and the measurements of specific renal functions.
2. Results. (Table 2 ) Urinary sodium content averaged less than 0.5 Gm. daily during the periods of restriction. The effort was made in most cases to keep it at about the 0.2 Gm. level.
Arterial Pressure. No significant change occurred in 9 of the 14 patients (cases 1-7, 10, 11) during sodium restriction; pressures were decreased by diet in 5 patients (cases 8, 9, [12] [13] [14] . The response in patient 8 is equivocal; the control period is short and the change, although statistically highly significant, is not large and, in spite of continued dietary restriction, pressures as high as those of the control period were observed during some of her brief readmissions to hospital. But, in 4 of the 14 patients, the responses are unquestionable in view of their magnitude and of the sequences of change of pressure with changing sodium alimentation. Included in the table are data from one patient (case 15) which demonstrate the concurrent effects of pyrogen and low sodium treatments. Comparison of the control period with the low sodium, pyrogen-free period (2) shows a significant effect of sodium restriction on arterial pressure; the pressures during period (3) on pyrogen with low sodium (0.2 Gm. sodium diet) are lower than during period (1) on pyrogen alone, although the means of the maximum daily fevers are the same for the two periods.* * Difference of means/standard error of the differences: between periods (0) and (2), 3.7 systolic and 3.8 diastolic; between periods (1) and (3), 2.6 systolic and 3.4 diastolic; between periods (3) and (4), 3 .4 systolic and 2.4 diastolic. Period (3) of combined treatment is followed by period (4) of more intense treatment with pyrogen and with a rise in the mean of the fever and the omission of sodium restriction is associated with an increase in arterial pressure. However, this difference may have been caused by increasing resistance to pyrogen treatment, since a subsequent period of combined treatment (5) fails to show any advantage from sodium restriction.
Other Cardiovascular Functions. Fundal abnormalities regressed during low sodium treatment in 8 patients (cases 1, 2, 4, 7, 8, 11-14) of whom 5 (cases 1, 2, 4, 7, and 11) showed no response of arterial pressure. Hemorrhages and exudates, present at the outset in patient 12, did not recur during sodium re-alimentation, so that in this case the fundal remission may have been nonspecific. However, the sequences of change in patients 13 and 14 indicate that the remissions were dependent on sodium restriction.
Decreased heart size attributable to sodium restriction was observed only in patient 14, in whom also there was electrocardiographic evidence of improved cardiac status.
Symptomatic improvement was observed in patients 1, 7, 8, 9, and 14, while in the others symptoms were either initially absent or did not change during treatment. Relief of symptoms by treatment was shown in patients 9 and 14.
Renal Functions. (a) Addis Test and Sediment Count ( Table 3 ). The changes in concentrating powrer observed in patients 1, 2, 6, and 7 were probably insignificant. The sequences of change in patients 9 and 12, whose pressures showed responses to diet, were not related to changes in arterial pressure, although they suggest improvements attributable to sodium 14. The decrease in patient 11 was "apparent" restriction. The changes in urinary specific rather than real, since a test of concentrating gravity observed during treatment with the rice power by combining water deprivation with in- diet were of special interest. One patient (case 6) jection of pituitrin restored specific gravity to showed no change in five weeks' treatment; de- the pretreatment level. The same would probcreases were observed in patients 11, 13 and ably apply to patient 13. (1)
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(1) (R) (2) (R) (3) (R) (4) (R) + C (5) (R) + M (7) (R) + Pn Died Summary of observations on low sodium dietotherapy in outpatients. Diagnosis has the connotation indicated in table 1, as also the abbreviations indicating diet. Added sodium in every case was 6 Gm. sodium chloride Blood pressures are averages during the periods of the weekly or biweekly means of several determinations. Urinary Na is averaged over the periods as in table 1. Specific averages of blood pressures at two levels of urinary sodium are shown for patients 12 and 13. * During periods when urine greater in Na than 0.3 Gm. (mean 1.0), blood pressure was 200/130 ± 15/8. During periods when urine Na less than 0.3 (mean 0.17) blood pressure was 190/128 i 5/8. The difference in systolic pressures between the two groups of periods of 10 mm. Hg is statistically significant (difference/standard error of difference = 3.3).
t Numbers of observations at urinary Na levels greater and less than 0.5 Gm. per 24 hours.
(b) Urinary Protein and Sediment. Patients 11, 13 and 14, whose pressures responded favorably, all showed decreased proteinuria during sodium restriction. The changes in cast count were irregular; casts decreased in patients 1, 11 and 14, were unchanged in patients 2, 6, 7 and 13, and, were increased during sodium restriction in patients 5, 8 and 9. Correlation between decreased hematuria and sodium restriction could be shown in patient 14, in whom a favorable response was obtained.
(c) Specific Renal Functions (Table 4 ). The functions of blood flow, glomerular filtration and maximum tubular secretion of p-aminohippurate (PAH) were altered irregularly. Blood flow seemed to be decreased by low sodium treatment in 3 patients (cases 6, 11 and 14) and increased in 2 (cases 9 and 13, and possibly, in another, case 7). Glomerular filtration was unchanged in 6 patients and decreased in 2 (cases 11 and 14) . Tubular secretory capacity was decreased in 5 patients (cases 3, 8, 11, 12 and 14) and unchanged in 5. Decreases in this function during treatment seem attributable to progress of the disease rather than to sodium restriction or protein lack; however, in 2 patients (cases 11 and 14) an increase of renal blood flow followed provision of extra protein during administration of a rice diet.
II. OUTPATIENTS 1. Method
The regimes used in these 13 patients were (a) the 0.2 Gm. sodium diet in 11, (b) the rice diet in 1 and (c) the 0.5 Gm. sodium diet in 2. The low sodium regimes were instituted for four to six weeks of control observation during which the patients were given enteric-coated tablets of sodium chloride in a dose of 6 Gm. daily. These were exchanged for identical tablets containing ammonium chloride or a placebo, which in turn were later withdrawn. Blood pressures were taken at rest in the sitting position. Values reported are the means of three to five such measurements and those noted in the table are means of several of these values. The usual studies (electrocardiogram, x-ray films of the heart, determination of urea clearance and the Addis test) were made on control and experimental periods. Visits were weekly or biweekly and measurements of urinary sodium were made from 24 hour urine specimens brought in at each visit. 2. Results (Table 5) The most important difference between this and the inpatient group was the inadequacy of dietary control as measured from the urinary content in sodium. Only 3 patients (cases 2, 3, and 9) showed consistently low urine sodium contents at the level prescribed during the period of restriction, and another 2 reported with low urinary sodium contents regularly enough for us to calculate the effect of restriction in their cases. Control was not achieved in the remaining 8 patients; in only one of these (case 4) was there some association of arterial pressure level and urinary sodium content.
We are concerned only with the responses in the 5 patients who maintained their dietary control. Two of these responded to sodium restriction by decreased arterial pressure (cases 3 and 9). * One patient (case 12) showed a statistically significant decrease of systolic pressure during sodium restriction, but diastolic pressure was unchanged. Patients 3 and 9 indicated symptomatic improvement.
DIscUSSION

Effect on Arterial Pressure
The hazards of evaluating effect of treatment of essential hypertension have been recently reviewed by Pererall; the Hippocratic dictum that the experiment is often fallacious and judgment always difficult applies with special force. The major criterion of a favorable response to sodium restriction in this study was a persistent decrease of arterial pressure to or toward normal levels and we have paid special attention to those patients in whom sequential periods of sodium restriction and repletion result in corresponding changes of arterial pressure. In view of the greater instability of arterial pressure in early essential hypertension, the patients selected for study suffered from severe established essential hypertension or from this condition in its malignant phase, and the severity of the disease in the group is shown by the fact that many died during or shortly after the periods of observation.
In using the criterion of decreased arterial pressure, a principal concern has been to obtain means during control and experimental periods which would be manifestly meaningful. We place no emphasis on pressure changes * Case 3 in this series is responsive patient 9 of table 1. which, while statistically significant, are clinically unimpressive. That the selection of means is adequate is shown (a) by the identity of pressure means in control and experimental periods in the nonresponders and (b) by the reproducibility of means under like conditions of sodium alimentation in responders. Some of the psychologic variables of dietotherapy were discounted by the use of enteric-coated tablets of sodium chloride, ammonium chloride and placebo during various phases of treatment with diets of constant composition. Consequently, we have every reason to believe that the responses of arterial pressure described above are due to sodium restriction as such and are in no way factitious.
Other Cardiovascular Responses
Fundal lesions of some patients regressed during treatment without changes in arterial pressure. These remissions may have resulted from rest and hospitalization. However, since relapses followed sodium re-alimentation in 2 patients, the remissions in these must be attributed to sodium restriction. The cardiac status of the groups was, on the average, not unsatisfactory at the outset and did not change remarkably during sodium restriction, although marked improvement was seen in one patient.
Renal
(a) Concentrating Power, Protein and Sediment. These aspects of renal function were not greatly altered in most cases, although a favorable response was seen in one patient. The decrease of concentrating power during treatment with the rice diet is worthy of note, since it gives to the unwary the impression of a failure of this tubular function. The fact that administration of exogenous pituitrin restores this function to normal demonstrates that the apparent loss of concentrating power results merely from the fact that, in the absence of normal loads of urinary solids and electrolytes, a 24 hour period of water restriction is no longer an adequate stimulus to the hypothalamicohypophyseal antidiuretic mechanisms. Lack of change of concentrating power in one patient on the rice diet indicates that in this case the output of urinary solids was being maintained, not from the diet, but from tissue catabolism; this ominous interpretation is consistent with the progressive wasting of this patient as the result of her unabated malignant hypertension.
(b). Specific Renal Functions. The functions of blood flow, glomerular filtration and tubular excretion tended in the group as a whole toward decreased levels. The depressions of function were more often attributable to the progress of hypertensive disease than to sodium or protein restriction, although 2 patients showed increased blood flow during protein feeding after treatment with the rice diet. The successive supplements of choline, methionine, Proteinum and Protolyzate given patient 14 were aimed at increasing the maximum tubular excretion of PAH from the level to which it had fallen during treatment with the rice diet. These were all ineffective and it may be that the decrease was due to progress of the disease during the lag period before improvement on dietary treatment. Thus, in perspective, our experience concerning renal function is in accord with that of Chasis, Goldring and associates.'4 However, just as we do not agree with them that sodium restriction is always ineffective in the treatment of hypertension, so we do not emphasize, nor have we demonstrated, a consistently deleterious effect of sodium restriction as such on specific renal functions.
(c) The Low Salt Syndrome. The azotemic and other deleterious effects of sodium deficiency (Schroederl') as contrasted with the often beneficial effects of sodium restriction appeared during treatment in 2 patients. Both had at the outset suffered severe losses of renal function; it may be supposed that this had progressed to a point at which they were unable normally to retain sodium. Weakness and azotemia due to sodium deficiency were in both cases relieved by administration of 0.5 Gm. sodium daily as sodium chloride, while the beneficial effects of low sodium treatment were in both cases maintained.
The Rice Diet
Comparisons of this diet with the 0.2 Gm. sodium diet with Lonalac supplement were made in 6 patients. Four of these showed no response to either regime. One responded very favorably to rice, showed a severe increase of arterial pressure and a recurrence of malignant hypertension with severe renal functional deterioration when sodium was incidentally administered during treatment with Protolyzate and thereafter failed to respond to the 0.2 Gm. diet. This seeming disparity of response is attributable to the very altered conditions under which the comparison was made in this case. One patient responded repeatedly to the rice and the 0.2 Gm. sodium diets in like fashion. These latter patients (figs. 3 and 4) vividly showv the effect of addition of sodium to the rice diet in low sodium responders. In our experience, then, the antipressor effect of the rice diet is attributable to its low sodium content. Kempner's claim that nitrogen balance could be maintained on the rice diet runs counter to current estimates of protein equilibrium. It is controverted in some degree by the experiments of Schwartz and Merlis20 but has been recently confirmed by Peschel and Peschel.21 Estimates were made in 2 of our patients by calculating the protein content of the food consumed on the rice diet and the nitrogen content of the urine (as "hypobromite-N," principally urea plus ammonia22) plus an allowance of 1 Gm. nitrogen daily for the fecal content. From this estimate patient 14 of table 2 was in about 1. 3 Gm. daily positive balance after seven weeks on the rice diet. The stability of this body weight at this time is consistent with the estimate of approximate nitrogen balance. A more striking demonstration was made by similar methods in patient 13 of this series. After five weeks on the rice diet (period 10), she fractured her right femur. Estimates of nitrogen balance and also the urinary nitrogen: creatinine ratios were determined beginning on the third day after the accident. Figure 5 demonstrates the sequence of change. The nitrogen creatinine ratio rose to a peak of 7 on the seventh day after the accident and then fell to a level of about 3 on the eleventh day. The levels of urinary nitrogen indicate that nitrogen balance, at first negative, became reestablished at about the same time. The changes in the nitrogen: creatinine ratio are interpreted as being the result of an initial breakdown of nonmuscle protein under the catabolic stress of the accident, with subsequent re-establishment of nitrogen balance at about the time expected in patients on diets of greater protein content. Thus, it not only seems possible to maintain and even to reestablish nitrogen balance while on the rice diet, but also to conserve a protein reserve.
Sodiam Restriction: Level and Lag
The level of arterial pressure is, in an occasional patient, virtually a function of sodium intake ( fig. 1 ). However, a review of the data indicates that significant responses usually occur only when the sodium restriction is such that urinary sodium is less than 0.5 Gm. per 24 hours and are most evident when the restriction is at the 0.2 Gm. level. The exception to this rule is the special case of the patient with "salt-losing" kidneys.
The lag of blood pressure rise and fall on restriction or refeeding of sodium is usually one or two weeks (figs. 2 and 3) although it may extend to four weeks ( fig. 4) . Thus, four weeks of sodium restriction at the 0.2 Gm. level of urinary sodium is necessary before a decision can be confidently made as to the patient's ability to respond favorably to such treatment. o ittpatient Treatment Even among inpatients it is often difficult to maintain the desired sodium restriction. Medications, drinking water and other unsuspected sources of sodium abound. These possibilities of extradietary sources of sodium are multiplied in outpatients, in whom also the social, do- a check on sodium restriction. However, his data suggest, and our experience has been, that at the low levels of urinary chloride found in patients on low sodium diets approximate chemical methods for chloride are not sufficiently sensitive. Further, the use by some patients of "salt substitutes" containing am-fortunate few gradually lose the taste for salt and begin to appreciate the flavor of the food as such. But for many the dictum of Job (vi: 6-7) holds: "Can that which is unsavoury be eaten without salt, or is there any taste in the white of an egg? My soul refuseth to touch them; they are as loathsome meat to me."
Mechanism of the Low-Sodium Response
Observations made during this study on serum sodium, blood and plasma volume and the volume of distribution of thiocyanate show no association of changes in these to clinical responsiveness, and for this reason are not reported in detail. Current observations on sweat sodium concentrations on vascular responsiveness and total and fractionated urinary corticoids may yield a clue. Many facts point to a change in the function of the adrenal cortex or to a change in the response of vascular end RICE DIET: EFFECT OF FRACTURE r |FIG. 5 . Effect of hip fracture on urinary creatinine and "hypobromite" nitrogen and on nitrogen to creatinine ratio in patient 13 of table 1. These observations were made during period 12 of figure 3. organs to the effect of its hormones as the primary determinant of sodium responsiveness. Of interest in this connection is the concept (Masson, Corcoran and Page2") that hypertension of nonadrenal origin may involve adrenal sodium-retaining and pressor hormones.
SUMMARY AND CONCLUSIONS Roughly one-fourth of patients with severe essential hypertension act favorably to sodium restriction. The rice diet is in effect a practical low sodium diet, the hypotensive effect of which is dependent on sodium restriction. In the absence of azotemia it seems unlikely that the concurrent protein deprivation has an added beneficial effect, although on this diet it is possible to maintain nitrogen balance and even to conserve a protein pool. The minimum sodium restriction necessary for a response is about 0.5 Gm. sodium daily, with the exception of patients with "salt-losing" renal disease. This restriction must be maintained for four weeks for a conclusive test of responsiveness.
Although 4 of 14 outpatients responded favorably to sodium restriction, responses could only be maintained in two. Outpatient low sodium dietotherapy is at the least difficult and is often quite impractical. Our experience with the inand outpatient series leads us quite categorically not to accept as valid observations on the effect of low sodium diets which are not secured by frequent determinations of urinary sodium output.
